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3 TTie present invention relates to the prevention wd treatment of 

gastric infe«ion In mammals, including humani; More panicularly the 
present invention relates to a vaccine suitable for use in the prevention and 
treatment of Helicobacter infection in mammals. Including humans, and to a 
method of treatment of humans sufTenng ftom gastric infection its - 
.0 consequences such as chronic gastritis or peptic ulcer. «,d prevention of 
gastric cancer. 

BACKCROirNp 

15 ■ Helicobacter Infection of human gastric epithelium cause gastritis, 

are i major factor in the development of peptic ulcen and gastric ^ • 
lymphoma and may be a risk factor for the development of gastric cancer 
[1-3]. The most frequent infection agent is Helicobacter pylori, followed at 
a much lower frequency by Helicobacter heilmanii. H pylon is a slender S- 

20 shaped gram negative microorganism, which is routinely recovered from 
gastric biopsies of «Jults and children with histologic evidence of gastritis 
or peptic ulceration. Evidcnci for a causal relationship between H pylori 
and'gastioduodenal disease comes from studied In human volunteers. ' 
patiehfs With blceis and gastric cancer, gnotobiotic pigs, and germ-free 

25 rodents. Regirding etiology; Koch's postulates were satisfied by creating 
hisiologicilly confirmed gastritis in previously uninfected individuals 
following consumption of viable microorganisms (4-1 IJ, and by treatment 
to eradicate A/, p^/ori. with resolution of the gastritis and. in patients with 
peptic iilcer disease, a decrease In the recurrence rate [12]. 

' In spite of /If viiro susceptibility to many antimicrobial agents. //; 
vitro eradication of established H. pylori infections with antimicrobial 
agents is often difficult to achieve [13]: The microorganism is found within 
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.he mucous coat overlying gastric epithelium «d in gastric piu. These 
are locauons which do not appear u, allow for adequate 5nU«icn,bial leveU 
to be achieved even when antibiotic, are given orally at higTdosesrAt the 
present ume. most authorities recommend a "triple therapy", namely a 
3 bismuth salt in combination with drugs such as tetracycline and 

metronidazole for 2-4 weeks. However, the effectiveness of this ^or other 
chemoAerapeutic regin,ens remains suboptimal. Funhcnnore. this treatment 
may produce serious adverse drug reacuons. . 

At the present time litUe is known regarding the role of .he mucosal 
10 ~»«y««n in the stomach. The distribution of immunoglobulin (Is) 
producmg cells in the nonnal gastric antrum indicates that IgA plasma cells 
make up iO% of the total plasma cell population. In addition, the number of 
plasma IgA cells present in the gastric «.trum is comparable to other 
mucous membranes [14. 15]. A number of snidies in humans [16] and in 
13 animal modeU (8. 10] have demonstrated specific IgG and IgA responses in 
semm and m gastric secretions in response to Hellcobacur infection 
However, the obsen^ation that K pylon infecdon persists as a chronic 
mfection for years, despite inducing a local and systematic immune 
response, is not encouraging the development of immunization strategies. 
2° ^« "J ^'Poned the ability to infect germ-free rodents with' 

HelicobacurMs, a bacterium closely related to N. pylorKnnA reproducible 
document histologic gastrius [9. 10]. Since then, this bacterium-host pairing 
has been accepted as a good model to study //W/coAac«r-mediated gastritis 
and tts initiating factor, 117]. Czinn et al have shown that repeUave oral 
23 .mmunizaUon with a crude lysate of//, pylori plus cholera toxin adjuvant 
mduces a vigorous gastrointestinal IgA M pylori response in mice and 
i fcrreu [13]. In addition, Chen et .1 and Czim> et .1 have recently reponed 
that oral immunization with a cmde lysate of //. /e& induced protection 
against H. fills infection in mice [21. 22). The exact n.mre of the " 
30 antigen(s) responsible for the induction of this protection, however, had not 
been determined, and no information suggested that the protective 
antigen(s) oiH. fills that induced protection against this pathogen would 
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induce . cross-reactive protection extending to another Hellcobacer 

■■'Species/ ■■ • -f. • ■ 

We have demonstrated for the fim time that //; p>/or/ and 
somcates and showing that some of these «,tibodies. directed against // 
yp^oH,^.X, crossreact ,.th H.fens «,d vice versa [24. 2SJ. The basisfor 
these cross-reactivities were unknown. 

Based on the homology existing between the different known urease 
.m.no acd sequences, it has been proposed that urease could be used as a 
vaccne against H. pylori t26,. Nevertheless, cross-reactivity is not the ..e 
Guo «.d L.U have shown years ago that ureases of „/.a*/fo 
Frouus ^l^s and Pro.l^ncia reader, show cross-reactivity to each 
other, while ureases of jack bean and ^46rganella morgarrii are 
-munoiogically distinct from the three former ureases [23 J. Even if an 
• "t-genic cross-reactivity of urease with other ^W/coW 
.5 ureases was a reasonable postulate, no dau existed demonstrating that this 
was really the case until we showed that som. N./ells monoclonal 
an.,bodies crossreacted with H. pylori urease [25]. J. P,ppo has funher 
demonstrated that mice which have been infected by M felis produce 
.n..bodies Which crossreact with H. pylori urease but not jack bean urease 
2" fJ Pappo, unpublished data, 1993). 

The use of H. pylori urease, or of related ureas«. as a vaccine 
.gamst H. pylori infection has previously been proposed by A. Ubiene in 
EPO 367.644 [28], However, that application contains no evidence of 
vaccination of any mammal against any Melicohacer infection with urease 
2J Moreover, while sequence homology with other bacterial ureases 

m.ght support the use of urease as a vaccine candidate against //. pylori 
mfection. the current knowledge of human fi. pylori infection would 
cenainly not. First, despite the fact that infected individuals often mount a 
strong antibody response to:urease. the ami-urease immune response does 
30 not result in clearance or control of the infection. Secondly. H. pylori is 
able to transport urease out of the cell and to shed it from its surface [19. 
20]. Thus, urease may not represent an appropriate target for the 
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devclopmen. of a protective mucosal immune response. Indeed, mucosal 
.: immune protection is thougJ,t to be malnJy mediated by secretoo^ IgA. the 
agglutinating activity of which would be impaired when the recognized 
antigen can be shed by the target patiiogen and U,ereby serve as a decoy for 
3 the protective antibody. Thirdly, urease appears to be toxic for epithelial 
celU in culture, and has been suspected to play a lole in mucous 
degradation md in peptic ulceration in vivo. Thus, its use as «,ugen may be 



toxic. 



Nevertheless, we reasoned that this antigen could be a potentially 
10 efficient vaccine if: 

- first, we would deliver it orally at , sufficiently high dose to elicit 
a stronger immune response than the naturally occuiiing one 

' second, the amount of antibodies produced would be high enough 
. . to bind all the urease, shed or not shed 

" - tiiird. we would use subunits of urease or a molecular species that 

was non-toxic. 

In summary, there remains a need for effective u-eatmeni and 
prevention of//. /y/or/-induced gastric infection in humans. Recent data 
suggested the possibility to generate a vaccine against this infection, but 

20 have not provided . clear identification of defined «,tigen(s). common to 

Py''^!' ^ could be incorporated into a safe and effective 
vaccine.' • . ,.■ . 

In this invention, we have identified the urease antigen of //. /y/or/ 
as a candidate vaccine and demonstrated its efficiency in an animal model. 

21 These resultt were unexpected in the light of the natural hUtory 
//<//cotoc/er infections. 

SUMMARY O f THE irtfVFNTT r)^ 

We have discovered that immunity can be induced in mammals 
3" susceptible to gastrointestinal Helicobacter infection by exploiting urease 
epitopes displayed on or about the surface Helicobacter organisms and 
using tiiem as a vaccine target. The immunity can be induced by 
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.mn.un.za,.o„ with nature urease, but can also be induced with recombinant 
urease «.bunit. produced as enzymatically jnactive. therefore non-toxic 
form. The invention provides a method of inducing immunity to 
/^W/coAa«er infection by administering u, a mucosal surface of a'mammal 
. PoIy«ninoacid preparation. i.e. a mixture of peptides and/or proteins 
together v^th «, appropriate adjuv«,t. TT-is polyaminoacid preparation" 
presents a plurality of epitopes characteristic of and exhibited by a urease 
enzyme endogenous to be infecting Helicobaaer organism. The 

•dmmistration of the polyaminoacid preparation may be performed bv the 
10 oral route. 

The active ingredient of the preparation may comprise natural or 
b.osy„thetic epitope, and may take various forms. A non exhaustive list of 
possible preparations includes purified, naturally occurring or recombinantly 
produced urease preparations of bacterial or other origin, digests of urease 

'J fus.on proteins comprising urease epitopes. tn,ncated forms of urease 
enzyme, or peptides homologous with the «ninoacid sequence of urease 
Smce development of immunity depends on induction of humoral and/or 
cellular immune responses which bind to the infecting Helicobacer 
orsan,sm. preferred preparations are those which most closely duplicate the 

20 epitopes of the urease endogenous to the infecting organism. For example 
preparations displaying the epitopes of urease of .//. ;,yor/ are preferred for 
admrnistration in humans susceptible to H. pylori. However, in accordance 
with an Important aspect of the invention. It has been discovered that urease 
from other species may be used. For example, we have shown that H. fells 

25 mfection in mice c«, be prevented by administration of urease from K 
pylori. - ;•. 

According to one wpect of the invention, there is provided a method 
of eliciting in a mammalian host a protective immune response to 
Helicohacter infection wherein an immunologically effective amount of a 
3.. urease antigen capable of eliciting such a protective immune response. 

preferably H. pylori urease or H. pylori urease B subunit. is administered to 
a mucosal surface of the host. 
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" According to another aspect of the present invention, there is 
provided a vaccine composiaon suiuble for prevention o( Helicobacter 
infection, comprising «, effective amount of a urease antigen, preferably H. 
pylori urease or//: pylori urease B subunit. capable of eliciting in a host a 
5 protective immune response to Helicobacter infection, in association with . 
phaimaceutically acceptable carrier or diluent. . . , 

According to a ftinhcr aspect of the present invention, there is 
provided a method of imparting to a mammalian host passive protection to 
Helicobacter infection, comprising administering to a mucosal surface of 
10 the host immunologically effective amount of a urease specific anubody 
produced in a host immunized with a urease, preferably H. pylori urease or 
H. pylori urease B subunit, capable of eliciting a protective immune 
- response to //«/fcoAoc/«r infection. : •■ ^ . . „ . ; 

" ^ PMEF PFSPRfPTiON nF Tflf; 

TTie invention will now be further described with reference 
to the accompanying drawings, in which Figures 1 through 6 are graphical 
representations of the resulu set fonh in Tables I through 6. 



20 



PETAtLEn nESrRn»T|^[st THg iNvt;p rnr^|« 



; *^^^ dijjcpvered that oral administration to 

mice of polyammoacid preparations exhibiting the epitopes of H. pylori 
urease gives rise to a protecUve imntunological response against H. felis in 

2S mice, an animal model of generally-accepted value for the study of the 
• immune response to Helicobacter infection (9]. The effect of the protective 
immune, response is that immunized animals, vvhen challenged with 

; pathogen, have a greatly reduced incidence of infcctbn. in comparison to 
non-immunized animals. Furthermore, the inventors have discovered that 

3" oral immunization in mice using H. pylori urcue B subunit. produced as an 
enzymatically-inaaive recombinant protein, gives rise u a protective 
immunological response in mice against H.felis. The effect of the 
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protecuve immune r«po«e i, «.« immunized animals. wi,en challen«d 

- with pathogen, have also a greatly reduced incidence of infection in " 
comparison to non-immunized animals which do become infected 

.iThus. in a n„t aspect, the present invention provides a method of 
5 ehcting in a mammalian host a protective immune response to HeUcoHacer 
mfectaon. The method comprises the step of administering ,0 a mucosal 
surface of the mammal, including humans, an immunologically effective 
.. .mount of a urease antigen, preferably H pylon urease,.capablc of eliciting 
such a protective immune response. - ^ 

* "P«=^ P^««t invention provides a method of 

«l.c«.ng in a mammalian host a protective immune response to Helicobaaer 
.nfecfon. TT,e method comprises the step of administering to a mucosal 
surface of the animal, including humans. «, immunologically effective 
.mount of recombinant, enzymaticlly inactive urease B subunit an antigen 
>^ preferably recombinant H. pylori urease B subunit. capable of eliciting 
such a protective immune response. 

The invention also includes ^thin its scope the treatment or 
prophyl^cis of mammals, including humans, for HelicohaCer infection 
wherein an immunologically effective amount of a urease, or its subunits 
2.. capable of eliciting a protective immune response to Helicohacur infection 

.s administered to a mucosal surface of a patient Preferably, the urease is ' 

- H. pylori urease or H. pylori urease B subunit, and the urease mav be 

" .dm,m,tered either alone or linked .0 a hydroxylated calcium phosphate for 
example hydroxyapatite as a carrier panicle. Moreover. It is preferred to 
23 administer the H. pylori urease in association with a mucosal adjuvant, the 
B subunit of cholera toxin, muramyl dipeptide or other such adjuvants. • 
- ■' While not being bound by any theory, the present inventors believe 
that administration of the urease «.tigen. orB subunit thereof, to a mucosal 
surface stimulates the common mucosal immune system and perhaps local 
sues in the gastric mucosal including an immune response, including the 
appearance of M pylori specific IgA antibodies in the aastric secretions 
which prevent Helicobacter infection. Since it is a routine matter to conduct 
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preclinical trials of a candidate vaccines for human use in animal models, 
it is believed that the methodology of the present invention is effective in 
humans, especially in the prevention and treatment of peptic ulcers, 
gastritis, gastric malignancies and other conditions arising as a result of the 
i presence of H. pylori aadJoT H. heUmanii. 

A - Bacterial cultures and urease purifjcation . - 3,-.; 

; The strain of//, py/ori used in the study originates from a patient 
with a duodenal ulcer, and has been subculiured on BHI agarose plates to 
homogeneity. H. pylori is culmred in a suitable medium, typically. BHI 

10 (Brain-Heart Infusion) medium, containing 0.25% yeast extract and 10% 
fetal calf serum and supplemented widj 0.4% Campylobacier selective 
complement (Skinow supplement; Oxoid 69). The bacteria are incubated 
overnight under microaerophilic condiuons at 37"C in bottles that are then 
sealed and shaken at 37«C ifor 2 to 3 days to produce a liquid culmre. A 

,15 culture may also be prepared in agarose plates consisting of BHI with 
0.25% of yeast extraa and 5% of sheep blood under microaerophilic 
conditions at 37-C for 3 days. The quantity of bacteria is determined by 
optical density of the BHI solution at 660 nm. with one optical density unit 
corresponding to 10" bacteria. Cultures on agarose plates are first . 

20 resuspended m 154mm NaCl. 

i /,r One currently preferred source of polyaminoacid displaying urease 
epitopes Is purified urease, e.g.. H. pylori urease obtained by following the 
general method of Dunn et al. J. Biol. Chem. 265. 9464-9469, modified as 
described below. Following culmring, the H. pylori Is harvested in water. 

25 spun voriexed and spun again to produce a supernatant The solution 

: ■ containing the urease activity of //. pylori (assessed by rapid urease test, 
see below) is then chrotnatographed on a CL.6B sizing column and the 

: • fractions which present a stfong urease activity are pooled and dialyzed 
overnight and again chromatographed on an anion exchanger gel. The 

M fractions are eluted in increasing NaCI buffer and the collected fractions 
with a strong urease activity are individually subraiticd to a SDS gel 
followed by Coomassie staining. Two distmct bands corresponding to a 
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molecular weight of about 63 and about 29 kDa are Identified as urease. 
The frabtions containing urease are pooled to give purified H. pylori urease 
having a purity in the region of 95% to 99yo. ■ 
B - Oral immunization with urease purified from H. pylori 
J While it is preferred to employ purified //. pylori urease obtained as 

described as the antigenic material, it will understood that it is also possible 
to use. as the antigenic material, any urease or subunit of urease, either 
naturally occurring or obtained by recombinant DNA techniques, as well as 
digested fragment thereof, fusion proteins comprising the fragments or the 
I" whole urease, tnmcated urease constructs, or other peptide or protein 
preparations exhibiting urease epitopes which are capable of eliciting a 
protective immune response to Helicobacter infection (see below). Thus, it 
's possible to employ a urease having a substantial homology with respect 
to H. pylori urease and which is effective in raising a cross-protective 
I J immiine response to Helicobacter. An example of such a urease is jack 
bean urease, which possesses about 70% homology with H. pylori urease. • • 
The invention is therefore not limited to the use of intact urease, and covers 
the use of any polyaminoacid preparation which displays urease epitopes 
and is effective to generate a protective immunological response in a host to 
20 Helicobacter infection. Typically, a urease having a homology of 70-95% 
homology, for example. 80-90% homology," with respedt to H. pylori urease, 
may be employed as the urease antigen in the invention. ' 

A non-limiting list of sources of potentially useful urease 
preparations includes endogenous urease enzymes of the different - 
25 Helicobacter species, urease from other bacteria such as Klebsiella 

pneumoniae or Proteus mirabilis. and. by analogy, any other urease with 
the condition that these ureases share cross-reactive epitopes with H. pylori 
urease. The urease genes of all the organisms mentioned above represent a 
potential tool for expressing recombinant urease produce as a whole protein 
.1" or as a part thereof 

A non-limiting list of potentially useful urease preparations includes 
peptides generated from purified urease (the sources are mentioned above), 
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: using physical and/or chemical cleavage pfoc«iurcs.(Lc. CnBrrand/or 

proteolytic cleavage (using proteases e.g. V|.proiease/trypsin or p or 

peptides synthesized chemically and shwing'conseoitive c^ 

urease. 

3 Other sources of potentially useful epitopes include epitopes . 

identified by their crossreacuviiy with urease, as the resuh of s^wning 
with anti-urease antibodies. These peptides can be nato^^^^^ 
peptides or peptides resulting from chemical syntiiesis. Furthermore such 
peptides can result from tiie expression of recombinant random 

10 oligonucleotide. 

Anotijer source of potentially useful epitopes includes epitopes 
similar to urease as a result of tiie generation of anti-idiotypic antibodies to 
urease. Such anti-idiotypic antibodies, generated in any immunocompetent 
host, are obtained by immunization of this host with ani-ureasc' antibodies, 

11 witii the goal of genCTaring antibodies directed against anti-ure^e 
antibodies, which share structural homologies with urease. 

The discussion herein focuses on the use of urease namrally 
produced by M. pylori (section B). However, it will be appreciated that tiie 
urease or subunits or constructs thereof mentioned above, capable of 

20 eliciting the desired protective immune response, may be produced by 
recombinant DNA techniques well known in the art The efficacy of 
particular preparations may be deteniiined by routine administration using 
animal models, oral administration of tiie candidate vaccine, and challenge 
with patiiogen using a protocol substantially similar or identical to tiie 

25 procedure described below. , 
. : .- Table 1 and 2 below and Figures >5 describe the results obtained 

; : .when mice were orally immunized with purified //. pylori urease in this 

: : V. first expenment, administration of the H. pylori antigen was carried out by 
orally administering to the mice K pylori urease purified as described in 

30 seaion A, and coupled to hydroxyapatite crystals, used as a carrier to 
enhance M cell binding and upukc. Cholera toxin (Sigma) was given as a 
mucosal adjuvant. In this experiment, groups of female SPF BALB/c six- 
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week old mice were each orally immunized with 30 ug of purified H. pylori 
urease coupled to I mg of hydroxyapatite plus 10 ug of cholera toxin 
a««uvant at day 0. 7. 14 wid 21. Tlie mice were then challenged twice with 
'10' H.filis, at day 28 and 30. For comparison purposes, similar female SPF 
5 BALB/c six-week old mice were orally immunized with whole H. pyhri 
lysate (sonicate) uid 10 ug cholera toxin at day 0. 7. 14 and 21. The mice 
were challenged at day 28 and 30 with H. Tl.e H. pylori sonicate was 
prepared by collecting H. pylori from cell cultures, pelleting by 
centrifugation and resuspending the pillet in 0.9% sodium chloride followed 
10 by sonication. 

As a control, female SPF BALB/c six-week old mice were orally 
sham-immunized with «0 ug of cholera toxin and 1 mg of hydroxyapatite at 
day 0. 7. 14 and 21. All mice were housed, immunized, and challenged in 
parallel. All mice subject to the smdy were sacrificed on day 35. 
15 C- Oral immtinization with recombinant urease subunits of H. pylori 

Genes encoding the structural A and B subunits of /Ty/ori urease 
were obtained by polymerase chain reaction (PGR) cloning according to 
standard procedures, based on previously published sequences [29]/ These 
genes were inserted in a vector (named pEV40) designed for high 

2« expression and easy purification of foreign genes in £ coli. Briefiy, the 
foreign gene is inserted downstream of a thermo-repressible promoter, and 
in frame of a sequence encoding for a repeat of six histidines. An ampR 
gene is present on «iis vector for selection bf transfomiants. Under the 
appropriate temperature conditions, the r^mbinant protein obtained is 

25 supplemented by six histidines at the N-terminal. which allow for a one- 
step affinity purification on a nickel column. Both H. pylori recombinant . 
urease A and B subunits were expressed separately in £ coli. and purified 
on nickel column to '.95%' purity - "^..^ ^^--t-'i}:^.^^ , i ..; ; 

While it is preferred to employ reoombinant H. pylori urease 

.10 obtained m described above as the antigenic material, it will be understood 
that it is also possible to use. as the antigenic material, any urease or 
subunit of urease obtained by recombinant techniques (e.g. fusion protein.) 
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expressing antigenic sites of urease, which is capable of eliciting a ^ rt; 
protective immune response to Helicobacter infection. Thus, h is possible 
to employ in a construct a urease gene having a subsumtial homology with 
respect to H. pylori urease and which is effective in rabing a cross- 
5 protective immune response to Helicobacter Examples of such a urease is 
jack bean urease, which possesses about 70% homology with H. pylori 
urease, or H felts urease, which possesses about 88% homology with H, 
pylori urease. The invention is therefore not limited to the use of//, pylori 
urease genes and their gene products, and covers the use of any 

10 recombinant urease, or the subunits thereof, which is effective to generate a 
protective immunological response in a host to Helicobacter infection. 
Typically, a recombinant urease having a homology of 70-95% homology, 
for example, 80-90% homology with respect to H pylori urease, may be 
employed as the recombinant urease antigen in the invention. 

13 The discussion herein focuses on the use of recombinant H pylori 

urease A and B subunits produced by £ co// (section C). However, it will 
be appreciated that recombinant urease or subunits or constructs thereof 
mentioned above, capable of eliciting the desired protective immune 
response, may be produced using other recombinant DNA techniques and 

20 other eukaryotic or prokaryotic expression vectors well known in the an. 

Table 3, 4 and 5 below and Figure 6 describe the results obtained 
when mice were orally immunized with recombinant H. pylori urease ^ 
subunits produced in £ co//. In this experiment, administration of the H, 
pylori antigen was carried out by orally administering lo the mice 

23 recombinant //. pylori urease A or B subunits produced in £ co// and 
purified as described above, and coupled to hydroxyapatite crystals, used as 
a carrier to enhance M cell binding and uptake. Cholera toxin (Sigma) was 
given as a mucosal adjuvant. In this experiment, groups of female SPF 
BALB/c six-week old mice were each orally immunized with 30 ug of 

30 recombinant H pylori urease A and B subunit, coupled to 1 mg of 

hydroxyapatite plus 10 ug of cholera toxin adjuvant at day 0, 8, 14 and 21. 
The mice were then challenged twice with 10' Hfelis, at day 32, 34 and 
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36. For comparison purposes, similar female SPF BALB/c six-week old 

.<m.ce were oral.y immunized with 30 ug of recombinant.//. u,,3se B 

.ubu„,t coupled to hydroxyapatite plus ,0 ug cholera toxin at day 0 8 M 
.nd 21. Th. ^,,„^^^^ ^.^^ ^> 

//./e/«. As a control, female SPF BALB/c six-week old mice were each 
orally sham-immunized with 10 ug of cholera toxin and 1 mg of 
hydroxyapatite at day 0 8 U unrl -Ji t», • 

. , y ». 14 and 21. The mice were then challenaed at 

day 32. 34 and 36 with If. felis. All mice subject to the study were" 
•mmunized and challenged in parallel. Animals were sacriflced on day 48 

-f^'^ or 10 weeks after challenge 

D- Analysis of gastric biopsies. blood...nd intestinal secretions 
^ Biopsies were taken from the stomach and blood was obtained from 

heart The intestine were removed and washed with ImM PMSF 
(Boeringer) in PBS buffer to obtain intestinal secretions for ELISA analysis 

■ '^"•^"'""^Pro.eaion .gainst //./eto colonization, gastric biopsies 
from each «,im.l were screened for the presence of//./eto by assessing 
rapid urease activity by .he Jatrox HP test (Rohm Pharma, according to the 
supplier's directions. Briefly, gastric biopsies are immersed in 0 5 ml' 
supplier's mixture of urea and phenol red. a pH indicator. Urease acrivitv 
20 generates ammonia and bicarbonate from urea, and is followed bv the ' 
colometric change of the solution towards a higher absorbance at 550 nm 
Urease activity was quantified by specuophoton,etric analysis. 

Gastric biopsies of each animal included in the experiment described 
.n section B were also cultured on BHI agarose plates, supplemented as 
2S above, for the detection of H.felis. After incubation for 3 to 10 days in 
microaerophilic conditions, the presence of H.felis was confirmed bv 
Gram staining and determination of urease activity. As a verv sienifican, 
correlation was obtained for the detection ofH.felis cultures during the 
first set of experiments (see Table 3). only gastric biopsies urease t'ests were 

M' Performed for the detection of/Z./e/y, in the experiment described in the 
experiment described in section C. Detection ofH./elis was confirmed bv 
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; microscopy by two mdcpcadcnt investigators, using two different stains 
(acridine orange and crcsyl violet). - - • " 

Blood samples were allowed to clot for 3 hours at RT, and sera 

- harvested and frozen at until analyzed. Intestinal secretions were 

5 spun for 5 min. at 4''C to remove debris, and kept frozen at -20*C. Serum 
and intestinal samples of each animal were analyzed by ELISA for 
evaluation of Bnti-Helicobacter activity, according to standard procedures. 
Briefly, 96-weil plates were coated with a sonicate of K pylori^ followed 
by saturation with 5% fat-free milk. Samples were serially diluted from 1 : 1 
10 to 1:1000 and incubated overnight at 4**C on ELISA plates. Biotinylated 
anti-mouse IgG (serum) and anti-mouse IgA, followed by streptavidin- 
Horseradish peroxydase was used for the determmation of the antibody 

■' levels. ' .■ . . - zW^nc--- /- m:: •-^•^f^--; ' 

\ ' The results of //. felis challenges following immunizations with 

IS purified H, pylori urease are set out in Tables 1*3 and Figures M and the 
results of //. felis challenges following immunizations with recombinant //. 
pylori urease A and B subunits are set out in Tables 4-6 and Figures 5 and 
6. . - ■ 
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TABLE 1 



9 

10 



jmiujnization 

Ufease^HF" 
Ureasa+HF 



Ufease-frHF 
Urease^Hf 



Urease-fHF 
Urease+HF 



4Jrease+HF 
"UfeaselHF" 



ureas e 
test 

0 



T 



0 



0 



culture 
Gfam 

0 



Immunoglobulins 



Serum 



27 
264 



84 



81 



98 



968 



96 



247 



N.O. 



0 
273 



44 



42 



137 



2093 



1010 



N.O. 



intestinal secretion 



25 
221 
318 

12 



126 



31 



96 
214 



46 

124 

44 " 



IQA 
256 
246 



354 



234 



22 



34 



11 
12 



JJrease+HF 
Urease 
Urease 



0 
0 



50 



319 
14 



205 



23 
99 



S3 
87 
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14 
15 


urease 
urease 
Urease 


0 
0 
0 


0 
0 
0 


0 

0 . 
56 


0 
0 


0 

43 


0 
61 


16 
17 
16 


Urease 
Urease 
Urease 


0 
0 
0 


0 
0 
0 


140 
84 


0 

63 
240 


110 

21 

114 


127 
37 
280 


19 
20 
21 
22 
23 
24 
25 


Urease ' 
Urease 
CT+HF " 
CT+HF 

CT+HF 
CTVHF 


0 
0 
0 
+ 
+ 
+ 
+ 


0 ^ 

0 

0 

HfeSs 
HiaSs 
Hfalis 
Hfefts 


N.D. 

45 - 
261 

0 

63 
90 
31 


N.O. 

0 
197 

0 

0 

0 

0 


93 - 

135 

161 

0 
310 

N.a 

150 


-148 

ID 

261 
2 
303 
N.O. 
192 


26 
27 
28 
29 
30 
31 


CTVHF " 
CT+HF " 
CT+HF 
CT+HF 
CT+HF ^ 
HP sorticate+HF 


+ 
+ 
+ 
+ 
+ 
+ 


Hiaiis * 

0 . 

Htm 
nieus 
Hfeus 


197 
.105 
140 

0, . 
- 0 
N.O. 


250 
135 
47 

. 0 - 
.0 


250 
214 • 
109 
16 

..„0 ^ 
. N.D. • 


440 

---laa 
-55 ■ 
IS 

N.D. 


32 
33 
34 


MP sonicate+HF 
HP sonicate+HF^ 
HP sonicate+HF 


+ 
+ 

n 
u 


HfaUs 

0 


0 

77 
549 
660 


0 

0 
748 
153 


76 
11 
57 
180 


103 
33 
36 
286 


35 
36 
37 
38 


HP sonicate+HF 
HP sonicate+HF 
HP sonicate+HF 
MP sonicate+HF 


+ 
+ 
0 
+ 


Hfaiis 
HfeUs 
0 

Hfaiis 


730 
32 
400 
1O07 


192 
0 
400 


0 
5 
312 


5 

64 
1149 


39 
40 
41 


HP sonicate+HF 
HP sonicate 
HP sonicate 


0 
0 
0 


0 
0 
0 


220 
873 
727 


1360 
186 
1016 
899 


149 

133 
352 
126 


26 
122 
514 
191 


42 
43 
44 


HP sonicate 
HP sonicate 
HP sonicate 


0 
0 
0 


0 
0 
0 


109 
147 
845 


66 
949 
1094 


44 

167 
246 


83 
97 
64 


45 


HP sonicate 


0 


0 


1217 


1198 


210 


157 


46 
47 


HP sonicate 
HP sonicate 


0 
0 


0 
0 


81 


0 


256 


218 


48 


HP sonicate 


0 


0 


329 
1049 


210 
737 


241 
197 


276 
211 
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^ , .::.ln Table I. which refer, to the experiment described in section B 
-h" m«ns hours. "Ig" mea«« immunoglobulin, 'hfO' means "not 
determined", "urease HF" means that the mice were immunized with 
5 urease (coupled to hydn,xyapatite. with cholera toxin) «.d then challenged 
w..h H.Je/is, "urease- means that the mice were immunized with urease 
(coupled to hydroxyapatite. with cholera toxin) «,d not challenged 
;CT+HF- means that the mice were shan,-immunized with cholera toxin 
»d challenged with H./eiis. "HP sonicate . HF" means that the mice were 
.0 .mmunized with M. pylon sonicate with cholera toxin and challenged by H 
felis, and "HP sonicate" means that the niice were immunized with H 
pylori sonicate with cholera toxin «,d not challenged. In Table 1 the 
numbers for the «,Ubody results are given as a measure of absorbance at 
595 nm multiplied by 1000,.The background mea«,red in absence of the 
15 antibodies, was subtracted. . . 

■ The resulu of experiment described in section B obtained on the 
bas,s of the gastric biopsies urease tests and on Gram staining of H. feli, 
cultures «e se, out in Table 2. Infection was defined by mice with one or 
more markers of colonization by H. felis, including urease test or Gran, 
20 Staining of cultures. ^ 



Immunization 



Urease 



Sonicate 



Challenge 



H.felis 



H, felis 



. Vo infected 



3/10(30%) 



6/9 (66%) 



% protected 



7/10 (70%) 



3/9 (33%) ** 



23 B CT 



H, fells 



9/10 (90%) 



l/IO (10%) 



'**^i'^!o} K l^'I'i t«t^ ^'^^^ compared tl C I 'contrSf 
P-0J03 (two tailed Fisher exaa test) compared to CT comrol 

It will be seen from the results set out in Tables I and 2 that 
30 statistically significant protection against H.felis challenge is obtained with 
oral immuni2ation using //. pylori urease as compared to that obtained 
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*^ using eilher H. pylori sbhicaie or cholera toxin. Referring to Table 2, it will 
be seen that from a toil of 10 immunized animals; only 3 became infected, 
as compared to 6 of the animals inununizcd with H. pylori sonicate ahd 9 
of the animals immunized with cholera toxin. Table 2 shows that 70»/i of 
3 the animals were proteaed from challenge by H.felis ns compared to 33% 
of the animals immunized with //. pylori sonicate and 10 of the'ahimals 
immunized with cholera toxin and then subjeaed to M. felis chailenge. In 
other words, 90% of the control mice exposed to7/.>//r became infected 
by that pathogen whereas, in contrast, in mice immunized with K pylori 
10 urease 28 days before exposure to H./elis, the infection rate was only 30%. 
This represeriu a significant reduction ifi infccuon (p«0.0I98 in the Fisher 
exact lest, as compared to the control mice). When the mice were orally 
immunized vnth^ K pylori sonicate, the infection rate was 67% (not 
significant versus the control). The protection obtained using //. pylori 
15 urease is unexpeaed and could not have been prediaed on the basis of the 
results observed using K pylori sonicate. ^ " . • 

Referring to Figures 1-4. Figure 1 represents graphically the results 
of tests for antibodies in senim (IgG) and intestinal secretion (IgA) in mice 
not proteaed after immunization with urease. These are mice numbers 1. 4 
2(1 and 6 appearing in Table I. land constitute Group A. Figure 2 shows the 
"" antibody response of mice that were protected after immunization with 

_ urease (Group B). i.e, mice 2. 3, 5 and 7-J a_ / 

■ Figures 3 and 4 relate to the results obtained with mice numbers 3 1 - 
, „ 39. Figure 3 (Group C) depictt antibody responses^of mice not protected 
23 after immunization widi pylori sonicate (mice numbers 31. 32, 33, 35. 

36 and 38) and Figure 4 (Group D) depicts the antibody responses of mice 

"""^-•^X^r r^^ "l^^v*^ MX' -^r^:^-'^—' ...... . 

; protected after immunization with H, pylori sonicate (mice numbers 34.37 

and 39). It is of mterest to note with respect to Figures 3 and 4 that the Ig.A 

antibody responses (but not IgG) are higher in the mice exhibiting 

3*» protection than in the mice that are not protected, suggesting a correlation 

between protection and IgA response. Serum IgG responses did not exhibit 
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a correlation. Mucosal IgA but not serum IgG antibodies are known to play 
a role _in protection against bacterial iiirections of the gut [3]. 

■—The results of the corelation betwe^' fie det^ion of H. fills in 
gastric biopsies by urease tests and by cultures are set out in Table 3. 





Urease Test + * 


Urease Test- 


Toul 


K felis 
culture + 




0 


16 


//. felis culture - 


2 


30 




Total 


/ 18 


30 




Jwo-tailed 1-isher's Exact 1 


est; p<0-OOOI 





10 



. Table 3 show that a very significant correlation exists between the 
results of urease tests performed on gastric biopsies and the identification of 

15 H. felis infection than urease tests, urease tests were prefeired for the 
diagnosis of infection in m^ice In the next experiments, due to its 
better sensitivity. This approach allowed duplicaiion of urease tests with 
larger fragments of the stomach of each mouse, and a further increase in the 
sensitivity of the urease test. Furthermore, the use of the method with the 

20 highest sensitivity prevent an overestimation the protection obtained by the 
vaccine preparation ti' be tested. When positive culture is used as the 
standard for infection, the protection induced afler urease immunization 
during the experiment depicted in section B''is as significant as with the " 
combined use of urease test and ailture (p-0.02 1 versus p=0.0 i 9). 

2J The results of the experiments described in section C (recombinant 

urease subunits). obtained on the basis of the gutric biopsies urease tests, 
are set out in Table 4. 5 and 6 and depicted in Figure 6. 
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- : :<.:^.. TABLE 4 






Inununtzatlon 


micen* 


Urease test 


Infectfon 


CT 


20 


0.49 


♦ 




& ■ 










0.62 






23 


0.67 






' 24 


0.55"^ 




. - . 


50 


0.50 


.. . 




51 


0.37 






52 


0.29 






53 


0.79 


^ ... 




54 


0.32 




uraA<i.HAPi.CT 


40 


0.67 


■ ^ 




41 


0.48 






42 


' 0.42 






43 


0.65 




- ' ." ... - 


^44 V 


0.56 






45 


0.52 






46 


" 0.33 > 






^ / 


0.63 






* 40* 


o.zz 


>** ■ 




49 


0.37 




ureB^-HAP + CT 


25 


0.15 






26 


0.07 ' 






27 


0.03 






28 


0.64 


+ ■ 




29 


0.13 


. - 




30 


0.02 






31 


0.66 






9 9 


0.00 




umA^HAP + CT ' 


68 


0.00 ^ 






69 


» : 0.07 -n»^ 






70 


0.42 . 






71 


0.00 






72 


0.00 




ureB + HAP + CT 


73 


0.37 






' 74 


0.00 






75 


K 0.37 :. 






76 


0.00 






77 


0.00 






78 


0.00 






79 


0.39 






80 


0.00 






81 


0.37 






82 


0.00 
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In Table 4, ^-CT* means cholera toxin; •^UreA" means recombinant 
pylori urease A subunit; "UreB" meaii recombinant K pylori urease B 
subunit; and "HAP" means hydroxyapatite crystals. Mice 20 to 54 were 
sacrificed 12 days post challenge and mice 68 to 82 10 weeks (106 days) 
post challenge. The results of the urease test performed from biopsies of the 
stomach of each animal are expressed as OD values at 550 nm. The 
positive and negative signs depicts the final status of infection of each 
animal, accordmg to the positivity or negativity of the urease test for 
detection of Kfelis, Positivity: OD550 values >0.2 



TABLE 5; Protprrion as mgaaured 12 davs post rh^^liAniuf ^ 

Inunun l z a tlna Challrngft \ infected % prni-^rf,>v i 

Urease A subunit E*_lftlia ' 10/10 (%) 0/10 (0%) 

Urease B subunit iUJtfilli 3/10 (30%) 7/10 (70%) * 

CT H- fAH*^ 10/10 (100%) 0/10 (0%) 

* p-O.OOai (two tailed Fisher exact test) compared to CT control 



TABLE 6: Prnr^rt Inn- a.s m^agurgd 10 v^pV,<i nn«fi- rhallAng^^ 

Urease A subunit H. f^lis ' 1/5 (20%) 4/5 (80%) * 

Urease B subunit lL._J[fiLijL ' 4/10 (40%) -i: 6/10 (60%) ** 

* p-0.003 (two tailed Fisher exact: test) compared to CT control 
** p-0,01 (two tailed Fisher exact test), compared to CT control 

25 - 

It will be seen from the results set out in Tables 4. 5 and 6 that 
statistically significant protection against M, felis challenge is obtained with 
oral immunization using recombinant 7/. pylori urease B subunit as 
compared to that obtained using either recombinant H, pylori urease A 

30 subunit or cholera toxin. Referring to Table 4, it will be seen that, 12 days 
post challenge, from a total of 10 immunized animals, only 3 were found 
infected in the urease B subunit group, as compared to all 10 animals 
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immunized with // pylori A subunii of urease and 10 out of 10 of the 
^ wimals immunized with cholera toxin. Jablc 4^8hov« that 70% of the 
animals were protected froni challenge by .^./e/ir w co^ 0% of 

:• . aninials immunized with //. /y/oW urowe^ Ajubunu and OVo.pf the 
5 animals immunized with cholera toxin and |hen subjcaed to H./elis , 
challenge. In other words, 100% of the control mice challenged with H, 
felis became infected whereas, in contrast, in mice immunized with 
recombinant H. pylori urease B subunit the infection rate was only 30%, 
This represents a significant reduction in infection (p=0.0031. Fisher exact 

10 test) as compared to the control mice. . 

- - The fact that the protection observed with H. pylori urease is 

. . :^ ^"H^^^.y <»nfOTed by immunizati^ with the B subunit of urease, and that 
: ^^.^ subunit has no such effect, was^ not expected on the basis of our 

experiment with purified urease. This^dcfinition of the roles of the 2 ^ - - 
13 structural subunits of ureaie in the development of a protective immune 
response is therefore novel. The proteaion obtained using recombinant ^ 
urease B subunit, which is enzymaiically inactive also teaches that non- 
, toxic forms of urease can be used .as oral vaccine against Helicobacter 
. ^^'^cuon. Furthermore these results strongly suggest that recognition of the 
^0 active site is not required for protection, as an inactive urease B subunit is 
* very unlikely to induce antibodies thaf wUl rcc<^^^ inhibit the ^ J 

catalytic site of native urease. , , 

Referring to Table 6, it will be seen that, when mice are'sacrificed 
10 weeks post infection. 60% (6 mice out of 10) orthc'aniinals immunized 
25 with urease B subunit and 80% (4 mice out of 5) ofihe animals immunized 
with //. /iv/or/ urease B^ Pf?.te«ed against //^/e/w infection. 

The fact that protection obtained through |mmuruMiion with tirease B ., 
subunit lasts over time and that immunization with urease A induces a 
protection which is displaced compared to the one induced by urease B 
3(1 subunit could not be expected from our experiment with purified urease or 
with other experiment performed earlier. The fact that urease B subunit 
immunization confers protection defmiiely proves that recognition of the 
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active site i, not required for protection. Figure 6 summarizes results 
obtained after oril immunization with recombinant urease A «,d B subunits 
(described In Tabl« 5 and 6). , , 

The present invention also provides vaccine compositions suitable 
5 for the prevention of Helicobacter infection. The compositions comprise an 
effective amount of a urease antigen, preferably H. pylori urease or ~ 
recombinant H. pylori'^r^ subunits. capable of elidting in a host a 
protective immune response to Helicobacter! infection, in association with a 
pharmaceutically acceptable carrier or diluent. 
'0 The vaccines of the invention are administered in amounts readily 

determined by persons of ordina^r siciU in this art Thus, for adults a 
suitable dosage will be in the range of 10 ug to 100 milli«rams. for 
example 50 ug to 50 mg. Similaf dosage range, will be applicable for 
ch.ldren.'Carrier systems in humans may Include ent«ic release capsules 
"5 protecting the antigen from the acidic environment of the stomach, and 
mcluding urease antigen in a insoluble fom as fusion p«tei„s. The vaccine 
can be administered as a primary prophylactic agent in adults or in children, 
as a secondary prevention, after successful eradication of H. pylori in an 
infected host, or as a therapeutic agent in the aim to induce an immune 
2<' r«ponse in the host susceptible to contribute to the eradication of H. pylori. 

As noted above, a suitable mucosal adjuvant is cholera toxin. Others 
v,-hich may be used as m'uramyl dipeptide or its derivatives, non-toxic 
derivativ«' of cholera toxin, including its B subunit. and/or conjugates or 
genetically engineered fusions of the urease antigen plus cholera toxin or its 
25 B subunit. Other suitable delivery mediods include biodegradable 

microcapsules or inimune itimulating complexes (ISCONTS) or liposomes, 
genetically engineered attenuated live veaors such as vinises or bacteria, 
and recombinant (chimeric) vir^ii-like particles. e.g. bluetongue. The amount 
of mucosal adjuvant employed depends on the type of mucosal adjuvant 
.-1" used. For example, when the mucosal adjuvant is cholera toxin, it is 

suitably used in an amount of 5 ug to 50 ug for example 10 ug to 35 ue. 
When used in the form of microcapsules, the amoum used will depend on 
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the amount employod in the matrix of the microcapsules to achieve the 
desired dosage. The determination of this amount is within the.skill of a 
. person of ordinary skill in this an. Suiuble carriers for ^the vaccines of the 
invention are enteric coated capsules and poiyactide-glycolide microspheres. 
5 Suitable diluents are 0.2N NaHCOj and/or saline. , 

Particulate hydroxylated calcium phosphate (HCP) is especially 
useful as a carrier for the //. pylori urease to be applied to mucosal 
surfaces. It is believed that the H, pylori urease-hydroxy lated calcium 
phosphate conjugate is transported across epithelium where it raises a poly 
lu Ig immune response. Preferably, the hydroxylated calcium phosphate is in 
the form of microparticles suitable for the transpon across the epithelium, 
particularly by cells specialized for this purpose (M cells). A preferred form 
of hydroxylated calcium phosphate is hydroxy apatite, a commercially 
available crystalline hydroxylated calcium phosphate Ca,||(P04)«(OH}2. 
15 Commercially available hydroxyapatite generally consists of slab- 

like crystals that are chemically and physically analogous to inorganic 
hydroxyapatite in normal bone tissue. Ingestion of hydroxyapatite should 
therefore be safe, as evidenced by the existence of nuuitional 
calcium/phosphorous supplements .derived from ground bone, which are 
20 designed to be ingested. Commercially-high resolution hydroxyapatite (from 
CalBioChecm) consists of crystals varying widely in size. Crysuls over 1 
um in length are unlikely to be taken up by M cells. Therefore, for use in 
the invention, commercial hydroxyapatite crystals are broken into small, 
relatively uniform crystalline fragments such as by sonication. Preferably, a 
23 substantial proportion of the hydroxyapatite is present as fragments of about 
0.01-O.Oum. Fragmenution may be measured either by elecuon microscopy 
- or light scattering, using standard techniques. , . i * ij/ ; - v 

Preferred modes of administration of the //. pylori urease antigen are 
orally, nasally, rectally or ocularly. Oral administration can provide deliver)* 
3(t to other G.I. mucosa including the intestinal mucosa. 

The vaccines of the present invention may be administered to a 
mucosal surface in the form of an aerosol, suspension, capsule and/or 
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~PPOsi.ory. The method of administration will be readily apparent to a 
■ ••••••• P«non of ordinaiy-tldll in thU" tit' -i^^ -invf;.^^ . • 

• ' The pre«nt Invention further include, the passive immunization of 
mammals, including humans, against HelicohaCer infection This is 
5 achieved by administering a mucosal surt^ of .he patient an effective 
amount of a urease specific antibody. Preferably, an effective amount of a 
//■Av/orf urease specific IgA monoclonal antibody. - .v . . ,, 

Since the urease of H. pylori is shown to represent the antigen 
involved in inducing Protective immunity, a further aspect of the invention 
.0 .3 .he use of//, pylori urease as., diagnostic reagent U> measure the 
•mmune response of persons who have/received a vaccine based on urease 
or to determine whether an individual i, immune or «.scepuble (and thus in 
need of vaccination). The present invention «s6 includes the use of urease 
"d urease-specific antibodies, to co„sm.c. assays and kits for diagnosis of 
Hel,cohacter immunity; Wmen. of ^W/co6ac/.r ^asceptibility. and 
defimtion of immune responses to vaccines. 

The invention will now be further described by reference to the 
20 following non-limiting examples. 
») The B«rtfp,^ fff^.,iny i 

••=---fll)WiFyWw provided by J. Fo (division of Cooperative Medicine 
Mas,. Instin.te of Technology^Boston, USA). M wai isolated from 
pauents with ulcer disease (CHUV. Uusanne. Switzeri«,d) • i 
2J b) Bacteri.i ry^tum 

t ,iaw4 r^ilnirs -'Bacteria Were cultured on BHI (Brain-Heart . 
Infusion. BioMerieux) liquid medium containing 0.25% of yeit extract 
^ (Difco) and 10% bf ftul cilf ^ (l„oted,) jupplemented with 0.4% of 
- Campylobactef selected complement (Oxoid) The ba«eria were incubated 
.1" overnight under microphilic conditions a. 37'C and then shaken at 37-C for 
2 to 3 days. 
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Culture on A?j i m^ft nhta ♦ The b««eri« were cultured on .igar plate 
consbting of BHI 0.25-/, of yeast extraa .ad 5% of Aeep blood under 
microphilic conditions at 37*»C for 3 davs. ^ ^ 

Quamificatmn - The quantity of bacteria was determined by the 
5 optical density ofthe BHiMiution at 660 nm (l optical de«i,y unit 
corresponding to 10* bacterial). ... 

H. pylori vra colleaed from 31 blood agar plates in 0.15 M NaCi 
«d spun 5 minutes at 1400g at 4-C. The pellet was resuspeaded in 3 ml of 
10 NaCl ««1 sonicated for 4 minutes. The amount of proteins wa, evaluated 

by a Bradford assay (BioRad Kit according to supplier. 

COWDlinr of lmmutt«ffn )Hvdr«Tvn pmjn. 

. .Inununogen (urease or sub^^ 

with hydroxyapatite. 1-0 mg of hydroxyapatite,was used for 30 ug of 

15 .mmunogen per mouse. At the end of the incubation. 10 ug of cholera toxin 
was added in a final volume of 200ul PBS. 

'EXAlviP|,f;_i 

20 H. pylori from 30 blood agar plates was.luivestedm 0.15 M NaCl 

on ice. The solution was spun 5 minutes at MOO g at 4»C?Tnie pellet was 
resuspended in 20 ml of H,0 and vonexed for 45 seconds' (maximum . 

speed). The exttact was then spun 20 minutes M 6700 g at 4''C. The 
supernatant was recovered and the quantity of pivtein wu evaluated (see 
23 -Quantification- above) and precipiuted with 70% of "ammonium sulfate. 

• "'"1**!? chromatographed on a Sepharose.CL:6B column 

(Pharmacia) wiA PBS (phosphate biifFered saline) as mobile'phasc TTie 22 
: collected fractions which presented a strong urease aaivity were pooled and 
30 dialyzed overnight at 4-C ag«nst 3 liters of PEB (20 nM phosphate buffer. 
pH 7) and tiien chromatographed on a Q Sephatose fast fiow (Pharmacia) 
with PEB as mobile phase. The fractions were eluted by 0 to 500 nM NaCl 
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gradient. Ten of the collected fractions with a «n,ng urease activity were 
.nd.vidu.Ily ^.bjected ,0 SDA gel followed by . Coomassie staining 
The 6 fracuons presenting 2 distinct bands corresponding to MW-63 and - 
28 KDa were pooled and were considered as the purified urease.,, ■ 

EXAMP^F, 7 .ijf^ 

Mice employed in the immunization studies were lightly 
anesthetized with ether prior to intragastric immunization, then 
somcate preparation or purified urease, hydroxyapati.e and cholera toxin 
.0 was suspended in PBS and 200ul were delivered to the stomach of the 
respective m.ce using a polyethylene tubing attached to a hypodermic 
synnge. TWs procedure will be referred to as oral immunization. 
• Three oral immunization protocols were evaluated. These are 
' described below. . .J. . 

" '''•^^'^O' ' V''^"f ffT 1 I Tff l niri fin i U M IIM ' 

• Female BALB/c six-week old mice (20) were orally immunized with 

30„gofpurifiedof^.pye.;„easeand 1 mgofhydroxyapatiteand lOu. 
of cholera toxin at day 0. 7. 14 and 21. Ten mice were challenged at dav " 
28«,d30with5xI0»andI0'//.>fof„,„ liquid culture 

20 frpt^cpl m . V,rnnation with Rt^.^fr rt-r Tf-f itrT 

' ^^'^ oW ""ce (20) were o«Ilv immunized with 

2 mg of//, /yfor/ wnicate solution at day 0. 7. 14 and 21. Ten mice were 
challenged at day 28 and 30 with 5x10' and 10' H. /elis. ' > - 
Protocol . r,1f\\Tll\ •• ' 

" " * bAlB>c iix-week old mici (20) were orallv immunized 

w,th I hydrozapatite and ioug of cholera toxin at day 0, 7. 14 and 2 1 The 

• ' At 'day 35 all mice Were ^icrificed iJnd biopsies frbm the stomach 
were taken as well as intestinal secretibns'and blood'. -- ■■■r-^.^.i: 

.111 '• ■ .■ ■'. . .... 

Protection <nd evaly ^t:^^ 
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To evaluate protection, biopsies were screened for the urease activity 
by tl>e Jetrox HP test (Roiun Phanna) according to the instiuctions of the 
supplier. The urease U quantified by a spectrophotometric meisuwAent at 
550 nm. The biopsies were aUo cultured in the presence otH.filis and was 
5 estimated by Gram siaining. Gastric antral biopsies were homogenized M,d 
diluted (l:10 and 1:1000) in 0.15 M NaCl and plated onto blood agar 
plates and incubated under micioacrophilic conditions at ST-C for 4 to 10 
days. 

10 ELISA 

• Intestinal secretions and blood were analyzed by ELISA for the 
evaluation of antibody titer. The ELISA was carried out as follows. 
Polystyrene plates (96 wells) were coated with lug/well of purified urease at 
37»C for 2 hn. Non specific binding sites were blocked with 5'/. powdered 
13 milk in PBS 0.1O/. Tween at 37'C for 30 minutes: The plate, were washed 
once with PBS 0.1% Tween Blood samples were test at dilution 1:100 and 
intestinal secretions 1:1. lOOul of each sample were added to the «,rigen 
coated plates. After 2 hrs of incubation, plates were washed 3 times with 
PBS 0.1% Tween. Anti-mouse biotinylated whole antibody fipm goat and 

:.2P anti-mouse IgA. IgG and IgM biotinylated (Amersham) were added (lOOul) 
at dilution 1:500 except for IgA (1:250) and incubated at 37-C for 1 hr. 
The plates were washed 3 times with PBS 0.1% Tween and lOOul of 
1:1000 dilution of streptavidin Honeradish peroxidase in PBS 0.1% Tween 
were added and incubated at 37»C for 30 minute.' TTie'platM were washed 
23 3 times and 50ul of 1:50 dilution of o-phenyl-diamine in citrate buffer pH 
5.0 with lul/ml of 30% H,0, were added and incubated at room temperature 
for 20 miiiutes. The absorbance at 495 nm was measured in each well. 
EXAMPLE 3 fsee «Un jf^^^ f ) 

Mice employed in the immunization studies were slightly 

• 3(. anesthesized with ether prior to intragastric immunization. Then. 30 ug 
recombinant H. pylori urease A and B subunit produced in £ coli bound 
hydroxyapatite and supplemented with cholera toxin was suspended in PBS 
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and 200ul were delivered to the stomach of the respective mice using a 
polyethylene tubing attached to a hypodermic syringe. This procedure will 
be referred to as oral immunization. 

-Three oral immunization protocols were evaluated. These are 
5 described below. 

f rotOCOl CI - Vflcgtnm j ^^ with rgenm b inflnt urcaag A sufaiinit 

Female BALB/c six-week old mice (10) were orally immunized with 
• 30 ug of purified recombinant H. pylori urease A subunit and 1 mg of 
hydroxyapatite and 10 ug of cholera toxin at day 0, 8, 14 and 21. Ten 
I(» mice were challenged at day 32, 34 and 36 with I0» HJelis from liquid 
culture. 

grotoco! C2 ■ Vflcctnatjo n with recombinant urga!i«> B subunit 

Female BALB/c six-week old mice (10) were orally immunized with 
- ' 30 ug of recombinant //. pylori urease B subunit and 1 mg of . 
13 hydroxyapatite and 10 ug of cholera toxin at day 0. 8, 14 and 21. Ten 
mice were challenged at day 32, 34 and 36 with 10' H./clis from liquid 
culture. ■ ' 
Protocol r 3 . Contrnt 

Female BALB/c six-week old mice (10) were orally immunized with 
20 1 mg hydroxyapatite and 10 ug of cholera toxin at day 0, 8, 14 and 21. 
The mice were challenged at day 32, 34 and 36 with 10' H.felis, 

At day 42, or at day 106, mice were sacrificed and multiple biopsies 
from the stomach were taken. 

23 Protection and Evaluatinn 

To evaluate protection, biopsies of the corpus and antrum of the 
stomach were screened for urease activity by the Jatrox HP test (Rohm 
Pharma) according to the instructions of the supplier. The urease is r 
quantified by a spcctrophotometric measurement at 550nm. The total of 

30 corpus and antnjm OD values were added to pbuin a final OD value for 
each mouse. . , 
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iKBAXJSilABVlEiUS 



1. A method of eliciting i„ , mammalian h«t . protective immune ' ■ 
response to //W/coW infection, said .nethod coH,prising the step of 
administering to a mucosal surface of said mammal an 
' — 8-ca..y effective amoum of a polyaminoacid preparation - 
I -ber of epitopes exhibited by a urease Endogenous 

o sa.d HeLcotaaer organism to elicit a protective immune response o 
7 mfecfon by said organism. : .. .'^ 



8 

I 2 



A method according to Cairn , . wherein said preparation comprises an 

2 intact urMse purified from an organism: ^ 

pep .des homologous with en^matically im.ctlve portions of the aminoacid 

3 sequences of a urease. 

■ 4. A method according to claim 1. wherein said preparation comprises 
pept-des non-homologous with the aminoacid sequences of a urease and 
3 d.splaymg epitopes cross-reacting of a urease. 

. 5. A method according to claim I. wherein said preparation comprises H 
2 pylon urease, 

- 6. A method according to claim I. wherein said preparation comprises at 
. least subunlts of a urease, with or without enzymatic activity. 

. 7. ASiethod according to claim 1. wh^^in said^epanition cSnpfises 
2 anti-idiotypic antibodies to a urease. 

- 8. A method according to claim I. wherein said preparation comprises 
2 peptides immunologically cross-reacting with urease. 
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1 9. A method according to claim 3 and 9, ^yherein said peptides are 

2 obtained by chemical syntliesis. • , - - 

t 10. A method according to claim 1 , wherein said preparation ^mprises 

2 urease antigens producing using DNA recombinant techniques. ^.^ -..^ 

1 11 . A method according to claim 1 , wherein said preparation comprises 

2 subgenic fragments of urease produced widi recombinant techniques. 

1 12. A method according to claim 1. wherein said preparation comprises 

2 urease subgenic fragments produced as genetically fused proteins. 

, I 13. A method according to claim 12, wherein said fusct proteins comprise 

2 cholera toxin subunlts. 

1 14. A method according to claim 1, wherein said preparation is 

2 administered in association with a mucosal adjuvant. „ ^ 

1 15. A method according to claim 14, wherein said mucosal adjuvant is 

2 cholera toxin. 

-.C-:r-rt:- • 

1 16. A method according to claim 1, wherein said mammalian host is 

2 human. . . ^ ^ . . 

1 17. A method according to claim I. wherein saidi preparation is 

2 administered in association with a hydroxylated ^calcium ph(»phate. 

t 18. A method according to claim 17, wherein said hydroxylated calcium 
2 phosphate is hydroxyapatite. 
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• 19. A method according .o claim 18. wherein «id hydroxyapatite is in the 
2 form ofpartfcle, suitable for traJiport across epithelium. - ^ r 



' '°-/'"«'h«'««=ording,o claim I. wherein said urease is admlnis^ed 
2 orally, nasally, rectally or ocularly. 

> 21 A vaccine for inducing a protective immune respo^e to //W/c.to. 

2 .nfectK,n in a mammal, .he vaccine comprising a polyaminoacid preparation 

3 presenting epitopes exhibited by a urease endogenous to said Helicotaaer 

4 organism disposed in a pharmaceutically acceptable carrier or diluent. 

22. The vaccine of claim 21. further comprising a mucosal adjuvant. 

23. A method of impaning to a mammal passive protection to 
Helicobader Infection, the metjod comprising administering to a mucosal 
surface of said mammal an immunologically effective amount of a urease- 
speciHc IgA amibody produced in a host by immunization wiU, a urease 
which elicits a protective immune response to Helicobaa.r. 

24. A method according to claim 23. wherein said antibody is a 
Helicobacter pylori urease specific Ig A antibody. 

25. A method according to claim 24. wherein said mammal is human. 

26. A method for assessing the endogenous immune response of a 
mammal infected by Hettcobaaer organism, the mediod comprising 
determining in a sample from the gastrointestinal tract of said mammal the 
presence of antibody reactive with epitopes exhibited by urease endogenous 
to said Helicobaaer organism. 
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27. A method according to claim 27, comprising the additional step of 
administering a Helicobaaer vaccine to said mammal prior to said 
administration. . » ^ .. 
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